Objective: To report an unusual case of pyriform sinus-pleural-mediastinal fistula secondary to internal penetrating trauma by a toothbrush, with emphasis on management options. Case report: A 26-year-old woman swallowed a toothbrush in a violent manner 8 months ago in an attempt of self-mutilation. She immediately complained of neck pain and dysphagia. She was diagnosed with pyriform sinus-pleural-mediastinal fistula. The fistula was repaired. Primary closure was performed and covered with the sternocleidomastoid muscle flap, and reinforced with thyroid tissue and surrounding tissues. The patient did not present any complications or recurrence, and she gained weight after the operation. Conclusion: Early recognition of hypopharyngeal perforation is important, and in selected cases, immediate repair of the perforation can lead to a good prognosis.
Introduction
Perforation of the hypopharynx is a rare injury, accounting for less than 2% of all perforations in the pharynxgoesophageal region [1] . The most common cause of hyperpharyngeal perforation is iatrogenic. Delays in diagnosis and treatment may lead to serious complications and a high mortality rate. The current treatment of hypopharyngeal perforation includes conservative treatment and surgical intervention. Pyriform sinus perforations with a chronic disease process are even rarer. To date, a toothbrush has not been reported as the cause of an in-ternal penetrating injury to the hypopharyngeal region. We present a clinical case of pyriform sinus-pleural-mediastinal fistula, which to our knowledge, has not been previously described. Clinical presentation, diagnostic imaging evaluation, and operative management of the patient are described, as well as a review of the literature.
Case Report
A 26-year-old woman swallowed a toothbrush in a violent manner 8 months ago while attempting self-mutilation. She immediately complained of neck pain and dysphagia. Conservative treatment was applied without any improvement in the local hospital. The patient was then treated with debridement and drainage of a neck abscess, mediastinal abscess, and thoracic close drainage, as well as repair of pyriform sinus perforation with the greater omentum 7 months ago. Jejunostomy was also performed at the same time. However, pyriform sinus perforation recurred 1 week later. A hypopharynx stent implantation was then performed, but the patient forced the stent out by herself. The patient was then transferred to our hospital and admitted with the diagnosis of pyriform sinuspleural-mediastinal-fistula and empyema.
A physical examination showed that her temperature was 36.5˚C, her pulse was 76/min, respiration was 20/min, and blood pressure was 97/61 mmHg. The patient exhibited cachexia and an anemic appearance. The right side of the thorax was slightly collapsed with an external thoracic drainage tube and weak breathing sounds. A nutrient canal was placed in the abdomen. A routine blood test showed the following: white blood cell count, 7.9 G/L; neutrophilic granulocytes, 60.25%; and Hb, 6.9 g/L. An electrocardiogram showed sinus tachycardia (116/min) with right axis deviation. Chest X-ray films and visualization of the esophagus with iodized oil showed right pleural thickening with adhesions, encapsulation, and pneumatosis in the chest wall, and pyriform sinus-pleural-mediastinal fistula (Figure 1) .
Under gastroscopy, we found a fistula opening at the bottom of the right pyriform sinus, below the level of the arytenoid cartilage and close to the esophageal entrance (Figure 2) , which was diagnosed as hypopharynx fistulization. Computed tomography (CT) of the neck and chest showed that the hypopharynx and esophagus could not be clearly seen with a nodular dense shadow. The right pleura was thickened, showing postoperative 
Treatment
The patient was given surgical treatment. The neck was opened with an anterior incision parallel to the sternocleidomastoid muscle, and the pharynx and esophagus were mobilized from the prevertebral fascia. The fistula was repaired. Primary closure was performed, and covered with the sternocleidomastoid muscle flap and reinforced with thyroid tissue and surrounding tissue. A nasogastric tube was placed and a drainage tube was inserted into the incision. Postoperatively, the patient was given intravenous antibiotics and best support care. The jejunal feeding tube was removed within 24 hours after the operation and replaced by nil per os for 10 days. After 48 hours, the cervical drainage tube was removed without drains from the tube. The patient began to receive a semi-liquid diet orally on the 10 th day after the operation, and the thoracic drainage tube was removed at the same time. On the 14 th day after the operation, the nasogastric tube was also removed and visualization of the esophagus with iodized oil was performed again. This showed contrast agent extravasation from both sides of the pyriform sinus into the trachea without leakage, which indicated intact hypopharyngeal repair (Figure 4) . Twenty-one days after the operation, visualization of the esophagus with iodized oil showed extravasation of contrast agent from the epiglottis to the endotrachea, whereas the esophagus showed no significant stenosis or filling defects, suggesting swallowing dysfunction. The patient progressively received a regular diet, occasionally regurgitating when eating. She was then discharged home and was followed up. Her esophagus was reexamined using iodized oil 6 months after the operation. There was no extravasation of contrast agent and the esophagus showed no significant stenosis or filling defects. Currently, more than 3 years after being discharged from hospital, she has not presented with any complications or recurrence, and has gained weight. 
Discussion
The most common sites of hypopharyngeal perforation are the weak posterior hypopharyngeal wall and pyriform sinus. The pyriform sinus is well covered with muscle, which is comparatively resistant to penetration because of its strong extensibility [2] . Therefore, the violent impact of a toothbrush in our case led to internal penetrating injury to the pyriform sinus. Foreign bodies, blunt or penetrating neck wounds, iatrogenic or spontaneous causes, or malignant diseases cause pyriform sinus perforation, among which the iatrogenic cause is the most common. Unclear anatomy, lack of clinical experience, and a blind violent operation easily lead to injury or perforation of the pyriform sinus, pharynx, or esophagus. Transoral injuries, such as sword swallowers, knitting needles, endoscopy, and foreign bodies have been previously described [3] - [5] . However, injury of the pyriform sinus, pharynx or esophagus caused by penetration of a toothbrush has not been previously reported.
Once pyriform sinus perforation occurs, symptoms in the early stage may be mild, such as neck pain, limitation of cervical motion, odynophagia, hoarseness, dyspnea, subcutaneous emphysema, and mediastinal emphysema. Later clinical manifestations with fever and local swelling may be indicative of retropharyngeal or parapharyngeal abscess or severe complications, such as mediastinitis, neck abscess or fistula, and pyriform sinuspleural-mediastinal fistula, where the prognosis is directly related to delays in diagnosis or management [6] .
Rapid diagnostic tests are required for suspected perforation, and an X-ray should be performed first. X-rays often reveal signs of subcutaneous or mediastinal emphysema, as well as pleural effusion. However, the results from plain X-rays are sometimes negative, which is insufficient to rule out perforation. In this case, contrast X-ray studies provide confirmation of perforation and information about its location and extent. In some cases, visualization of the esophagus with iodized oil may lead to missed diagnosis of perforation with a false negative rate of 25% -50%. If the diagnosis cannot be confirmed using contrast X-ray, an esophageal barium meal should be performed because of its higher sensitivity, especially in small tears or perforations [7] . This test may be hazardous when there is extravasation, and therefore, clinical application should be cautious. Contrast X-ray tests still have a negative rate of 10%. Therefore, comprehensive analysis concerning clinical manifestations is essential. Endoscopic examination can directly show perforation, but some small tears or perforation could still be missed. High-resolution CT scans provide important diagnostic imaging data of pyriform sinus perforation, such as its precise localization and size. Furthermore, CT differentiates retropharyngeal cellulitis and abscesses and shows foreign bodies. Extraluminal air, fluid, and esophageal thickening are considered characteristic signs of perforation. High-resolution CT scans may be helpful in cases in which clinical suspicion of perforation remains despite negative contrast imaging results.
The treatment of pyriform sinus perforation remains controversial. Physicians should be aware of this type of lesion, and the diagnosis should be confirmed and the patient properly treated as early as possible. Treatment, including conservative treatment and surgical intervention, depends on the situation of perforation, such as the size of injury, cause, site, complications, and patient's age and physical condition. Conservative treatment of pyriform sinus perforation consists of nil per os, intravenous broad-spectrum antibiotics, and either gastric or parenteral nutrition. Surgical intervention includes neck drainage, chest or upper mediastinal drainage, and transoral endoscopic or surgery repair. Currently, it is recommended that conservative treatment is suitable for the following patients suffering from pyriform sinus perforation [2] - [5] : 1) patients whose perforation is quickly diagnosed and lasts less than 12 hours; 2) patients with a small perforation (<2 cm) located in the cervical esophagus or hypopharynx; 3) patients without symptoms or with mild symptoms and a lack of complications; 4) patients taken nothing orally since the injury; and 5) patients whose condition could not tolerate an operation. A large perforation (>2 cm) lasting more than 12 hours or any complications require exploration and repair by operation if possible and adequate drainage. However, successful conservative treatment of large perforations up to 5 cm long has been reported [8] . Therefore, close observation is necessary during conservative treatment, and surgical intervention should be followed without delay if the patient's condition deteriorates.
Conclusion
Pyriform sinus perforation is a type of hypopharyngeal perforation. In our case, perforation caused by a toothbrush accompanied by pyriform sinus-pleural-mediastinal fistula is an extremely rare injury. Early diagnosis is particularly important. The therapeutic options depend on the complications and the patient's condition. Close observation is also essential. Mortality and prognosis are directly related to delays in diagnosis and treatment.
Summary
1) Hypopharyngoesophageal perforation develops rapidly, easily leading to serious complications. If early conservative treatment fails, surgical repair should be followed as soon as possible.
2) The key to treatment of this lesion is to be aware of its possibility, as well as to confirm the diagnosis and treat the patient properly as early as possible.
3) Simple sutures are difficult to heal because of insufficient blood supply to the hypopharynx. Muscle flap coverage allows an increase in local blood supply, enhancing immunity and reducing friction and compression of surrounding tissue. The sternocleidomastoid is recommended for closure of hypopharyngoesophageal perforations, which was applied in our patient to repair pyriform sinus perforation. The muscle flap needs to be snugly placed.
4) Enhancement of blood supply to the surrounding tissue is important. In our patient, the repair was reinforced with thyroid tissue and surrounding tissue.
